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(57) ABSTRACT 

An integrated circuit device is formed by providing a 
substrate and forming a capacitor on the substrate. The 
capacitor includes a loWer electrode disposed on the sub 
strate, a dielectric layer on the loWer electrode, and an upper 
electrode on the dielectric. A hydrogen barrier insulation 
layer is formed on the upper electrode and a hydrogen 
barrier spacer is formed on a sidewall of the capacitor. 
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METHODS OF FORMING INTEGRATED CIRCUIT 
DEVICES HAVING A CAPACITOR WITH A 

HYDROGEN BARRIER SPACER ON A SIDEWALL 
THEREOF AND INTEGRATED CIRCUIT DEVICES 

FORMED THEREBY 

RELATED APPLICATION 

[0001] This application claims the bene?t of Korean 
Patent Application No. 2002-81739, ?led Dec. 20, 2002 and 
Korean Patent Application No. 2003-40086, ?led Jun. 20, 
2003, the disclosures of Which are hereby incorporated 
herein by reference. 

[0002] 1. Field of the Invention 

[0003] The present invention relates generally to methods 
of forming integrated circuit devices and integrated circuit 
devices formed thereby and, more particularly, to methods 
of forming integrated circuit capacitors and integrated cir 
cuit capacitors formed thereby. 

[0004] 2. Background of the Invention 

[0005] As the integration density of integrated circuit 
memory devices has increased, research into materials that 
have a high dielectric constant, such as Ta205, BST, and PZT, 
for use as a dielectric layer in an integrated circuit memory 
device capacitor has increased. Conventionally, polysilicon 
has been used as a storage node and a plate node of a 
capacitor. HoWever, a high dielectric constant layer typically 
interacts With polysilicon, such that oXygen atoms in the 
dielectric layer penetrate into the polysilicon, Which may 
degrade electrical properties of the capacitor. Also, When an 
electrode comprises polysilicon, leakage current may 
increase due to polysilicon’s small Work function. For this 
reason, eXtensive studies have been made in Which a noble 
metal, such as Ru and Pt, is used in place of polysilicon as 
a capacitor electrode of an integrated circuit memory device. 

[0006] Forming a memory device, such as a DRAM, that 
has a capacitor electrode that comprises a noble metal 
typically involves a hydrogen alloy process. Memory device 
capacitors that include an electrode that comprises a noble 
metal, such as, for eXample, metal-insulator-metal (MIM) 
capacitors and/or a metal-insulator-silicon (MIS) capacitors, 
a catalytic action of the noble metal may alloW hydrogen 
ions to penetrate into the dielectric layer of the capacitor. 
The hydrogen penetrates into the dielectric layer and may 
degrade electrical properties of an interface betWeen elec 
trodes and the dielectric layer of the capacitor. 

[0007] Aluminum oXide (A1203) may be deposited on a 
capacitor as a hydrogen barrier layer to inhibit penetration of 
hydrogen into the dielectric layer as is disclosed in US. 
Patent Publication No. 2002/0074588 entitled “Ferroelectric 
Capacitors for Integrated Circuit Memory Devices and 
Methods of Manufacturing the Same,” published in Jun. 20, 
2002, by inventor Kyu-Mann Lee. The technique of depos 
iting aluminum oXide on a capacitor as a hydrogen barrier 
layer may, hoWever, cause contact resistance to increase 
during a subsequent etching process for forming a metal 
contact hole. 

[0008] FIGS. 1 and 2 are cross-sectional vieWs that 
illustrate a method of forming a conventional capacitor that 
includes electrodes that comprise a noble metal. Referring to 
FIG. 1, a transistor (not shoWn) and a bit line 14 are formed 
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on a semiconductor substrate 10, and then a ?rst interlayer 
dielectric (ILD) layer 12 is deposited thereon and planariZed. 
An etch stop layer 16 is formed, and a loWer electrode 18, 
a dielectric layer 20, and an upper electrode 22 are sequen 
tially deposited thereon to form a capacitor 24. After this, an 
aluminum oXide layer 26 is deposited using a blanket 
method to prevent penetration of hydrogen into the dielectric 
layer 20 during a subsequent hydrogen alloy process. 

[0009] Referring to FIG. 2, a second ILD layer 28 is 
thickly formed on the surface of the semiconductor substrate 
Where the aluminum oXide layer 26 is deposited as the 
hydrogen barrier layer. A photoresist layer is coated on the 
second ILD layer 28 and then a metal contact hole 30 for 
connecting a bit line 14 and a metal line is formed using 
photolithographic and etching processes. The etching pro 
cess for forming the metal contact hole may be a dry etching 
process. If the aluminum oXide layer 26 for the hydrogen 
barrier layer is eXposed during the etching process for 
forming the contact hole 30, then the contact hole 30 may be 
incorrectly formed As a result, the contact hole 30 may 
be obliquely formed or incompletely made When a 
poorly formed contact hole is ?lled With a conductive 
material for a contact plug a contact resistance may increase 
in the metal contact region, thereby degrading electrical 
properties of an integrated circuit device incorporating the 
capacitor. 

[0010] FIG. 3 is a cross-sectional vieW that illustrates 
another method of forming a conventional capacitor that 
includes electrodes that comprise a noble metal. Referring to 
FIG. 3, an aluminum oXide layer 26a that is used as a 
hydrogen barrier layer does not eXtend to a metal contact 
region to avoid increasing the contact resistance at a metal 
contact region. A capacitor 24 is formed and the aluminum 
oXide layer 26a for the hydrogen barrier layer is deposited 
on a capacitor upper electrode 22. The capacitor 24 and the 
aluminum oXide layer 26a comprising the hydrogen barrier 
layer are etched together. Thus, the increase in a contact 
resistance in a contact hole 30 caused by oblique etching or 
incomplete etching can be avoided. Because a sideWall of 
the capacitor is eXposed during a hydrogen alloy process, 
hoWever, hydrogen may penetrate into a dielectric layer 20 
and degrade electrical properties of an integrated circuit 
device that incorporates the capacitor. 

[0011] FIG. 4 is a graph of leakage current versus voltage 
for a capacitor formed using the method described above 
With reference to FIG. 3. The X-aXis represents a voltage (V) 
applied to a semiconductor device including a capacitor, and 
the y-aXis represents a leakage current per a unit cell 
(A/cell). In the draWing, the solid line denotes a leakage 
current characteristic before a hydrogen alloy process is 
performed. The line illustrated as -O- denotes a leakage 
current characteristic after the aluminum oXide layer for the 

hydrogen barrier layer is deposited to a thickness of 150 As can be seen from FIG. 4, the leakage current increased 

even With use of the aluminum oXide layer for the hydrogen 
barrier layer. It may be presumed that hydrogen penetrated 
into sideWalls of the capacitor and degraded characteristics 
of an electrode interface or a dielectric layer, thus increasing 
the leakage current. 

[0012] According to conventional methods of forming a 
capacitor that includes electrodes comprising a noble metal, 
a contact resistance may increase in a metal contact hole or 
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hydrogen may penetrate into sidewalls of the capacitor, thus 
degrading characteristics of electrodes and/or a dielectric 
layer of the capacitor. As a result, a leakage current may 
increase. 

SUMMARY OF THE INVENTION 

[0013] According to embodiments of the present inven 
tion, an integrated circuit device is formed by providing a 
substrate and forming a capacitor on the substrate. The 
capacitor comprises a loWer electrode disposed on the 
substrate, a dielectric layer on the loWer electrode, and an 
upper electrode on the dielectric. A hydrogen barrier insu 
lation layer is formed on the upper electrode and a hydrogen 
barrier spacer is formed on a sideWall of the capacitor. 

[0014] In other embodiments of the present invention, the 
hydrogen barrier insulation layer is formed by forming the 
hydrogen barrier insulation layer on the upper electrode and 
on the substrate. The hydrogen barrier insulation layer is 
etched so as to substantially remove the hydrogen barrier 
insulation layer from the substrate. 

[0015] In still other embodiments of the present invention, 
the hydrogen barrier insulation layer is a ?rst hydrogen 
barrier insulation layer and forming the hydrogen barrier 
spacer comprises forming a second. hydrogen barrier insu 
lation layer on the ?rst hydrogen barrier insulation layer and 
on the substrate. The second hydrogen barrier insulation 
layer is etched so as to form the hydrogen barrier spacer on 
the sidewall of the capacitor. 

[0016] In still other embodiments of the present invention, 
the ?rst hydrogen barrier insulation layer comprises alumi 
num oxide, titanium oxide, tantalum oxide, titanium nitride, 
silicon oxide, and/or silicon Without impurities and the 
second hydrogen barrier insulation layer comprises alumi 
num oxide, titanium oxide, tantalum oxide, titanium nitride, 
silicon oxide, and/or silicon Without impurities. 

[0017] In still other embodiments of the present invention, 
the ?rst hydrogen barrier insulation layer has a thickness of 
about 200-1000 Aand the second hydrogen barrier insulation 
layer has a thickness of about 100-500 

[0018] In still other embodiments of the present invention, 
the ?rst and second hydrogen barrier insulation layers are 
formed using one of atomic layer deposition (ALD) and 
chemical vapor deposition (CVD). 

[0019] In further embodiments of the present invention, 
the hydrogen barrier insulation layer is a ?rst hydrogen 
barrier insulation layer and forming the hydrogen barrier 
spacer comprises forming a liner layer on the ?rst hydrogen 
barrier insulation layer and oil the substrate. A second 
hydrogen barrier insulation layer is formed on the liner layer. 
The second hydrogen barrier insulation layer and the liner 
layer are etched so as to form the hydrogen barrier spacer on 
the sideWall of the capacitor. The hydrogen barrier spacer 
comprises a second hydrogen barrier insulation layer spacer 
on a liner layer spacer. 

[0020] In still further embodiments of the present inven 
tion, the liner layer comprises silicon nitride, silicon oxide, 
silicon carbide, tantalum oxide, and/or titanium oxide and is 
formed to a thickness of about 50-100 

[0021] In other embodiments of the present invention, 
forming the hydrogen barrier insulation layer comprises 
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forming the hydrogen barrier insulation layer on the upper 
electrode and on the substrate. An etch stop layer is formed 
on the hydrogen barrier insulation layer. The etch stop layer 
and the hydrogen barrier insulation layer are etched so as to 
substantially remove the etch stop layer and the hydrogen 
barrier insulation layer from the substrate. 

[0022] In still other embodiments of the present invention, 
the hydrogen barrier insulation layer is a ?rst hydrogen 
barrier insulation layer and forming the hydrogen barrier 
spacer comprises forming a second hydrogen barrier insu 
lation layer on the etch stop layer and on the substrate. The 
second hydrogen barrier insulation layer is etched so as to 
form the hydrogen barrier spacer on the sideWall of the 
capacitor. 
[0023] In still other embodiments of the present invention, 
the etch stop layer comprises a P-TEOS layer. 

[0024] In some embodiments of the present invention, the 
capacitor is a stack-type capacitor. In other embodiments of 
the present invention, the capacitor is a cylinder-type capaci 
tor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] Other features of the present invention Will be more 
readily understood from the folloWing detailed description 
of speci?c embodiments thereof When read in conjunction 
With the accompanying draWings, in Which: 

[0026] FIGS. 1 and 2 are cross-sectional vieWs that 
illustrate a method of forming a conventional capacitor that 
includes electrodes that comprise a noble metal; 

[0027] FIG. 3 is a cross-sectional vieW that illustrates 
another method of forming a conventional capacitor that 
includes electrodes that comprise a noble metal; 

[0028] FIG. 4 is a graph of leakage current versus voltage 
for a capacitor formed using the method of FIG. 3; 

[0029] FIGS. 5 through 8 are cross-sectional vieWs that 
illustrate methods of forming a stack-type capacitor of an 
integrated circuit device that includes a hydrogen barrier 
spacer according to some embodiments of the present inven 
tion; 
[0030] FIGS. 9 through 12 are cross-sectional vieWs that 
illustrate methods of forming a cylinder-type capacitor of an 
integrated circuit device that includes a hydrogen barrier 
spacer according to some embodiments of the present inven 
tion; 
[0031] FIGS. 13 through 16 are cross-sectional vieWs 
that illustrate methods of forming a stack-type capacitor of 
an integrated circuit device that includes a hydrogen barrier 
spacer according to further embodiments of the present 
invention; 
[0032] FIGS. 17 through 20 are cross-sectional vieWs 
that illustrate methods of forming a cylinder-type capacitor 
of an integrated circuit device that includes a hydrogen 
barrier spacer according to further embodiments of the 
present invention; 

[0033] FIGS. 21 through 24 are cross-sectional vieWs 
that illustrate methods of forming a stack-type capacitor of 
an integrated circuit device that includes a hydrogen barrier 
spacer according to further embodiments of the present 
invention; 














